UNCLASSIFILD

i s ' _ _
HA- r5+ AT, RM No. LTIO8
" f..\
._- e :\_/( !i
» 7 0CT 1947
Tor the
Bureau of Aeronautics, Navy Department
LONGTTUDINAL STABILITY AND CONTROL CHARACTERISTICS OF A
SEMTSPAN MODEL OF THE XFTU-1 TATLIESS AmPrane a7 & o |

TRANSONIC SPEEDS BY TEE NACA WING-FLOW METEOD % E":

—_— '

TED NO. NACA DE307 o Y
Richard H. Sawyer and James P. Trant, Jr. L Lc: ' ”" ;
- -Langley Memorial Aeronsutical Laboratory -: ?J. ' 13' !
Langley Field, Va. i LN
L. o : ;? ‘
SO e T w3 o
S S e e e O £ LN

- ——————— = ey = < &

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS
WASHINGTON
' - UNCLASSIFIED
j '. SEP 291947
| TR N A C A LIBRARY

LABDR L TORY

Langtey TFicid. Va.

LANGLEY MEMORIAL AERONAUTICAL .



wonmro o WA = uncLassivien

NATIONAL ADV‘ISORY GOMITEE FOR AERONAUI'ICS

RESEARCE MEMORARDUM
" for the '

Bureau of Aeronautics, Navy Department

. LONGITUDINAL STABILITY AND CONTROL CHARACTERISTICS OF A
SEMISPAN MODEL OF THE ¥FU-1 TAILIESS ATRELANE AT
TRANSONIC SPEEDS BY THE NACA WING-FLOW METEOD

TED NO. NACA DE307
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SUMMARY

An investigation was made by the NACA wing-flow method to deter=-
nine the longitudinal stebillty and control characteristlics at
transonic speeds of a semispen model of the XFTU-1 tellless alr-
plare. The 25-percent chord line of the wing of the model was
swept back 35°. The airfoil sections of the wing perpendicular
to the 25-percent chord line were 12 percent thick. Measurements
were made of the normal force and pitching moment through an
angle-of-attack range from aboub =3° to 14° for several ailavator
deflections at Mech mumbers from 0. 65 to ebout 1.08.

. The results of the tests indicated. no adverse effects of

. '.'compressi‘bility up to a Mach number of at least 0.85 at low

normal-force coefficients and small ailavator deflections. Up
to a Mach number of 0.85, the neutrel point at low normal-force
coefflcients was at &bout 25 percent of the mean aerodynemic chord
end moved rearwerd irregularly to 41 or 42 percent with a further °
increase in Mach number to ebout X.05. For deflections up to -8.0,
the allavator was effective in changing the pltching moment except
at Mach numbers from 0.93 to about 1.0 where ineffectiveness or
reversael was Indicated for some deflectlons and normasl-force coef-
ficients. With ~13.2° deflection at normal-force coefficients
above gbout 0.3, reversal of allavabor effectivensss occurred et
Mach numbers as low as 0.8L. A nose-down trim change, which began
at a Mach number of about 0.85, together with the loss in effeo-
tivensss of the allavator, indlcated that with increase in the
Mach num'ber from about 0.95 to 1.05 an ebrupt allavator movement
of 5° or 6° first up and then down would be required to maintain
level flight.
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INTRODUCTION -

As a part of the investigation of the longitudinal stability
and control characteristics of complete airplane conflguration in -
the tramsonic speed renge, tests have been made by the NACA wing-
flow method on a 0.026-pize semispean model of the XFTU-1 teilless
alrplene. Results of wind-tumnnel tesis of the seme configuration
up to a Mach number of 0.9l have been reported in reference 1.

The present wing-flow tests covered a Mach number renge of

gbout 0.65 to 1.08. The resulis of normel-force, pitching-moment,
and angle-of-attack measurements at various allavator settings

are presented herein for the basic configuration of the model. In
order to present these resulis at the earliest possible date, because
of the current need for serodynamic deta of this nature, a complete
analysis of the results has not been made.

SYMBOLS

a effective dynamic pressure
s wing arsa of model
< meen aerodynsmic chord of model : - -
CN nomel ~force coefficient (No qﬁfo ce) :
| Aokt t coefficient referred t orra(Pit t) ’
Cy pltching moment cocefficien rearre_o.- C ST -
a angle of attack
3a : def}eéﬁi‘qn of asilavator (measured in plane normal to Y-axis
of model){minus sign indicates upward deflection)
M effectivd Mach mumber |
Oy I o
P slope of normel-force curve per degree
g acceleration of gravity
R Reynolds number - ) ¢
ac ) . - - -_ - ) . ) .
a:-f"-l slope of pitching~moment curve ' «
N . - ‘
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| APPARATUS AND TETS

.The tests were made by the NACA wing-flow method. (references 2
and 3) in which the model is mounted in the high-speed flow over the
wing of & P-51D alrplene. . .

Photographs of the 0. O26-scale mod.el eq_uipped. wi'bh an end
plate at the fuselage center line are given ag figures 1 and 2. A
detailed three~view drawing is showr as figure 3. The geometric
characteristics of ‘the model are given in fable I which also -
includes the dimensions of the full-scale alrplane for comparilson.
The model was eq_uipped with fave interchangeable ailevators having
fixed deflections of 0%, -1.6°, =k.9°, -8.0% end -13.2° measured
in & plane normel %o the ¥- axis of" the model. The model wes

mounted on a sharik which passed through & slot in the airplene
wing and was supported on a strain-gage bmlence. The model and
balance were arranged to rotate as & unit and, therefore, the
balance measured the force normel o the chord of the model-st all
. angles of attack.. A free-floating veno, shoim in figure 2, was
used to determine the-direction of alr flow at the mogel..location.

The chordwise end vertical gradients of veloclty over the
‘P-51D eirplane wing In the reglon of the model were simllar to
thoso. of the tests of -reference lh The effective dynamic. pressure
end the effective Mach number M wore determined by integrating
.the velocity distribution over: the area covered by the wing of
the model.. .

Tests were iﬁad.e with each of 'bhe. aile.vators 1net&lled- on
the model in two high-speecd dives of the P~51D alrplene, one from
a high altltude and the other from & mediwm altitude, end in a-
low~altitude high-speed level-flight run. The average relation
" between Mach number and Reynolds number, for the tests at the
various altitud.es 1s shown in figure 4. :

REserTs AND DISCUSSION

. The results of the dnvestigation are presented in Tfigures 5
to 1k. The veriation of pitching-moment coefficient and angle
of attack with Mach number for ‘normal~forceé coefficlents ranging
from -0.2 to O.4 or 0.5 in 0.1 increments are given in Pigures 5
and 6, respectively, for the various ailavetor deflectlions. The
faired. curves of figureg 5 and 6 represent averages of the data
o'bt.ained at the three altitudes. There was no effect of. Reynolds
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number within experimental error, as is illustrated by the sample
date of figure 7. The results of figure 5 show that, at-low " .
positive normal-force coefficients and small allevator settings,

a considerable nose~-down trim change occurred starting at a Mach
number of about 0. 85. With ‘Inereasing normal-force coefficient

up to about 0.4, the trim change occurred at lower Mach numbers
and became more severe. The data of figure 6 indicate, in general,
only moderate variations of the angle of attack at constant normal-
force coefficient over the Mach number range. It will be noted
that .at a Mach number of ebout 1.0 the angle of attack for a given
normel-force coefficient is approximetely the seme for ailavator
deflections up to -8.0°, indicating ineffectiveness of the allavator
over this deflection range.

The variation of normal-force coefficient with angle of attqck
for each aillavator deflection shown in figure 8 for several Mach
numbers 1s linear, at least up to a normal-force coefficient
of 0.4 at all Mach numbers except for the range from 0.92 to 0.98
for which the verlation is linear to somewhat smaller normel-force
coefficlents: The slope of the normal-force curve dCy/de .

(teken over the linear portion of the curve) presented im figure 9,
shows & fairly gradusl increase with Mach nmumber for all allavator
deflections with no large abrupt changes indlcated.

The variation of pitching-moment coefficient with normal—force
coefficlent at several Mach nmumbers for the various aile.vator .
deflections is presented in figure’ 10. The slope of the pitching-
moment curve dCy/dCN' is plotted in figure 1l sgainst Mach nimber
for the various allavator deflections. This slope was teken over
a range of normal-force coefficients corresponding to sbout 1 g €
from the normal-force coefficient (alsc shown in fig. 11) required
for level flight at 30,000 feet altitude with a wing loading of 28. --
The results of figures 10 and 11 indicate no movement of the neutral
point in this normal-force-coefficient range up to a Mach number of
_about 0.85. At Mach mumbers from 0.65 to about O. 85, the margin
between the center of gravity and the neutral point for center of
gravity at O. l7-percent mearn . aerod,ynemic chord was 7- to 8-percent
mean serodynemic chord end’ increased. to 24~ to 25-percent meen
aerodynemic chord with :anrease in Mach number to 1.05. This
latter movément of the neutral _point wes progressively rearwvard
for ailavator deflectione from -4.9° to -13.2°; but for ailavetor
deflections of 0° and -1.6°, the: movement wes first rearward, then
forwaz-d, end finally rea.c-warrl -

. .The_results of figvre 5 have been rearrénged in Pigure 12 to
show the .variation-of piltching-moment ‘coefficient with Mach number
for'each ailavator defléction at constant normal-force coefficilent.

— )
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Figure 13.glves the veriation of pltching-moment coefficient with
_allavator deflection for varicus normel-force coefficlents at
several Mach murbers. The results of figures 12 and 13 indicate
thet for ailevator deflections up to -8.0°, the allavator is
effective in chenging-the pltching mtment at Mach mumbers up to
about 0.93 and above about 1.0. At Mach numbers from about 0.94
to 1.0 ailavator ineffectiveness or reversal ls indicated for soms
deflections end normel-force coefficients. With ~13.2° deflection
at normel-force cosfficlents above gbout 0.3, reversal of ailavator
effectivensas occurs at Mach numbers as low as 0.8L.

The ailavator deflections requiréd to-trim the full-scale
airplans in level and 2g accelerated flight at Mach numbers
from 0.65 to 1.08, as determined from the results of figure 5,
are given in figure 1l4. The wing lcading was taken as 28, the
center of gravity at l7-percent mean asrodynamic chord, and the
altitude as 30,000 feet. The noxmal-force coefficlents required
for level and 2g accelerated flight are also shown. The cross-
hatched srea indicates & renge of Mach mmbers for which the
alrplane apperently could be trimmed at two or three allavator .
deflections ag the result of reversal of allavator effectiveness
at these Mach nmumbers. For level flight the results indicate a
slight' decrease in allavator deflectlon with increase in speed up
to a Mach number of @bout 0.85. At Mach numbers increasing
from 0.85 to 0.95 an up-silavator movement of about 2° is indicated.
With further incresse in Mach mumber from 0.95 to 1.05 an abrupt
allgvator movement of 5° or 69, firet up end then down, would be
required. In order to attain a 2g acceleration from the level-
flight condition, an up-ailavator movement of from 1° to as much
as 11°, depending on the Mach number, would be reguired in the
Mach number range from 0.90 to 1.05.

CONCLUDING REMARKS

The results of NACA wing-flow tests of the longitudinal
stebility and control characterigtics of e semispan model of the
XFTU-1 ai?plene throughout the Mach number range from 0.65 to 1.08
indicated no edvorse effects of compressibility up to a Mach number
of at least 0.85 at low normael-force coefficients end small ailavator
deflections. Up to a Mach number of 0.85, the neutral point at
low normel-force coefflclents was abt about 25 percent of the mean
serodynamic chord and moved rearward irregularly to 41 or 42 percent
with fu:c-thgr increase in Mach number to about 1.05%. For deflections
up to -8.07, the aillsvator was effective in changing the pitching
moment except at Mach numbers from 0.93 to 1.0 where ineffectiveness
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.. or reversal was indicated for sqme deflections and normal-force
coefficients. With -13.2” deflection at. normel-force coefficlents
gbove about 0.3, reversal of ailevator effectiveness occurred atb
Mach numbers as low as 0-&l. - A nose-down trim -change which begen
at a Mach mumber of about 0.85, together with the loss in effec-
tiveness' of the ailavator, indicated that with imcrease in the
Mach number fram. about 0.95 to 1.05, an sgbrupt ailavator movement
of 5° or 6° first up end’ then down would. 'be reguired to maintain

level flight
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TABLE I .
GEOMETRIC CEARACTERISTICS OF MODEL
AND OF FULL-SCALE AIRPLANE
J
Full-scale
Model

Wing: ’

Section (perpendicular to
25-psrcent choard line )

Semispan

Mean serodynemic cherd

Chord at tip

Chard at plane of symmstry

Area (semispan)

Taper ratio

Aspect ratio

Sweepback (25-percent
chord line)

Incidence (conetant)

Dihedral

Allavator:
Semispan
Cherd (parallel to plene of
symmetry)
Area (one)
Sweepback

Vertical tail:

Area of one (including wing
intersection area)
Aspect ratio .
Sweepback (25-percent chord

line)

Fuselage:

Aree of meximm cross section

(1/2 fuselage)

Area of engine bulge (one)
Over-all length

Alr ducts:
Area of entrance {one)
Ares of exit (ons)

Locatlon of center of gravity

cval-(00)-(12) (4Q) -(1.1) (1.0)
6.03 in. -
k.08 in.
3.02 in.
4.99 in.
2.2 g in.
0.605
3.01

30
33
o° .

2.94% in.

0.S1 in.
2.68 sq in.
2k.50

6.24 sq in.
1.75

bo°

0.792 sq in.
0.340 8q in.
11.54 in.

0.156 sq in.
0.134% sq in.

17 percent M.A.C.

cvak-(00}~(12) (ko) ~(1.1)(1.0)
19 ft & in.
13 ft 1 in.
9 ft 8 in.
16 £t O in.
248 9q ft
0. 6805
3.01

3 (o]
3
00

17 percent M.A.C.

S
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Flgure 1.- XPFTU-1 semispan model.
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Figure 2,- XF7U-~1 semispan model mounted above wing of P-51D airplane.
Free-floating vane also shown.
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Pigure L4.- Variation of Reynolds number with Mach number for tests in
high altitude and medlivm altitude dives and in low altitude level
) fiight run.
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Pigure 9.- Varistion with Mach number of slope of normal-force curve for
’ several allavator deflections.
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Figure 10,- Variation of pltoehing-momsnt coefficient with normel-force
eoeffielant for varfous sllavator deflectiona at asveral Mach
mnbera,
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Flgure 10.~ Concluded.
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Flgure 1l.~ Variation with Mach number of slops of pitching-moment curve acy

for several allavator deflections, Nommal-force coefficient for level

-

flight alsc shown.



NACA RM No. L7108

NATIONAL ADVISQRY
COMMITTEE FOR AERONAUTICS

Pigure 12.- Varlation with Xach nimber of pliching-moment cosfficient for vartous
ellavator deflections at several normal-force cceffeclents.
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@ r7=0.70. () M= 0925 (c) M=0.95.

Rigure 13.~ Yariation of pltching~moment coarfiglent with sllavator deflectlon for
anveral normal-ferce «goéffietents at varioua Mach mumbers,
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Fgure 13.~ Concluaed,
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Flgure il.,- Variation with Mach number of ailuvator gngle required for

trim in level and 2g accelerated flight at altitude of 30,000 feet

° wlth wing loading of 28 and center of gravity at 17 percent M.a.C.

.o ¢ Normal-force coefficient for level and 2g acceleratea flight also
shown.



